d a Aa a d a d
SUeANIIVANAITLHIIWDAUAAAN LBANUAZINDS INNAAANAMSY

Tae

a v Jd A
HIUDIINY !ﬁﬂﬂ‘lji?.ﬁﬂll

a a ddwc: U d! =® [ a d LY a
IneniinusiiuaiunilavesmsanmmunangasByanIainssumansumiadia
a a a a d

MUIFINGINMSUALIAINTTNWOAINDS
=) ) ) W
MAIPNINGIMIUBLIAINTINIEAY
venaInenasy NviIngasaalns
Umsanu 2554

a A Qd U a A U a U A
AVaNHVUDIVUNAINGI1AE N‘i’i13ﬂﬂ1aﬂﬂﬁﬂ1ﬂ§



= = J v a a a dJ a d
AUBANNIUAUAITHITINDallanan m)amaazmaﬂuwmaﬂnamw

Tae

a o ¢
HIYDIINU mﬂﬂ‘ﬂizfm

a a ddwcs U d! =3 [ a d v a
Inentinusiniluaiuniavesmsanmmuriangasliganianssumaniumiadia
a a a a d

MUIFINIMSHAZIAINTTNWOAINDS
) ) ) W
MAIBNINGIMIUBLIAINTINIEAY
veunaIngnasy NviIngasaalns
Umsanu 2554

a A Qd U a A U a W A
AVaNHVUDIVUNAIN A8 N‘Pﬂ]‘ﬂfﬂaﬂﬂﬁ‘ihﬂﬁ



POLYLACTICACID/THERMOPLASTIC STARCH REACTIVE BLEND

By

Jirawat Leadprathom

A Thesis Submitted in Partial Fulfillment of the Requirements for the Degree
MASTER OF ENGINEERING
Department of Materials Science and Engineering
Graduate School
SILPAKORN UNIVERSITY

2010



oA

v a A [ a v A A =Y a 4
TunaIneas  urvnneaeaalng mgm“lﬁ'ammwumm ‘Fuoanwiuaua

' a a a o a 4 a o Jd  a 3
FEHINNOAUANAN LOTNUALINDS IUNAFANTMSY » 1auelag Wedsia mealszon Wu

duritlsvesmsAnymurangaslsyaimnssumdasuniiuge UIFINGINITUAY

AINTIUNDANDS

Y 4 ] o
(H¥IWFTATI0158 a3.1hula FITNAUNA)

AMUATUNAING 1A
SUN., T T K
P a a 4
21915605 BN NUT
4 a a A 4
1. 9191350 A5.ANNY gNFIT0INA
2. §38MANT19158 AT YUNSWE FsANUIANA
a a 4
AUSAITTUAITATIVADVINGTINUT
.................................................... U525 IUNTITUNS
Y L4 o 4 d A o
(A8 AAT19158 AT.01gN TN HIAATIUS)
............ TR O 73 @
.................................................... AITUNS e S TUAS
J 4 4 @ [
(010150 A3.qUUVIAY Hounan ) (399ANANIITH AT.NUE LKAIY)
............ Leeeeeeeneeeennnieed cieeeanns eeeeeeeneeed eeeeeeeeeeiiid e,
.................................................... ATTUMS N 1 - ¢ V11 8 v
4 a a A o Y 4 v Jd A
(019156 AT.ANNY GNTITOINA) (AF8FNAATINTE AT.WUNTNG AINNUIDNA)

............ oveeeeevenenennnd verenneeeed e e



51402208 : EVIFINGINTUALIAINTTUND AT
Mdfa Mo lunaadnamsv3ueainuaud, weaandn uedn
a o 4 = = = J 1 a a a o
3% @eadszon : SueANWwauAITHIIWOALAnAn UBANUAZIMDS 1)
a 4 e’d‘ a a 4 a a A 4 [ 4
wanadAnam$y  019156NUSNEIMeTINUT : 0.A5.7ANY GNDI309A LAY HALAT.YUNTHY

A Y
ATHNUIDNA. 121 iU,

o [ A Y a A ES Y Y
ﬂ1§‘W@J'Ll1l,!,fl$ﬂ15‘lJilIiJ?QL‘W’E]l‘ﬁ‘Wfﬂﬁ'@]ﬂﬂ)’")ﬂTW‘L!‘L!E‘TNJWiﬂGl,"]fﬁullﬂ‘ﬂaiﬂ‘ﬂaWﬂ
d%’ axy é d‘ 1 a YA a A t;y.l 1 a dy v ?zjz
UV ’J‘ﬁ‘Vi‘lN‘VILl"Ifﬁ!ii]t!ﬂﬁ’duﬂlli%ﬂﬂﬂWiNﬁll‘WﬂWﬁ@]ﬂ‘B’JﬂTW@QLL@]ﬁ@Q“KUﬂﬂJuqﬂ ANUY
a A A 9 o = a a a 4 a 4
‘WﬁTﬁW]ﬂﬁlﬂﬂTW‘V]“L!1?(11!1%@ﬂl"])’ﬂl!iJ'lﬂﬂ’E]WE]ﬁLLﬁﬂ@]ﬂLlE]ﬁ"V](PLA) uae L‘I/]’f]iIiJWﬁ'lﬁG]ﬂﬁ@ﬂi‘]f

[

& Q ~F ' ' v F) a Ao o o &
(TPS) "Jf\‘ifﬂiWf"fllWﬂTﬁ@]ﬂ‘ﬂ\iﬁﬂ\‘i"]ﬂlﬂuuﬂz%jﬂiwaﬂﬁunu‘luﬂWSP\laﬁ Llazﬂﬁ1ﬂﬂluﬂﬂlﬂuf]ﬁ@]
A & a Y] A 182 9 o o A Y o ) [ Y o a SR A
NAUTATAUTITNHA LANNUB ﬂlﬁ'E]\Tﬂ'JAI?JL"'IJ1ﬂu1@53W313ﬁ@3lﬂﬁ1ﬂﬂﬂWﬁTﬁﬁﬂ Y

]

' '
v A = Y o

a 1 a Jd a 4 [
nuaTeAnmewnlSulgeanumdnuidues PLA waz TPS wiowedoanoiwiiaduag i
Y am ] o 9 ' A g Aa A A =
TPS  M1835a 1 FId s 0 lanatenssuaumsuanszuaumsniluniennesuoniin
J A [ =\ 1 aan d' a aan d'
wauansomslsvlgeanumaai Tagruilgaseimsnsin Tuananamnsanalgnzen
' 1 A a o dyd o = =3 a
Je¢luudieleluana PLA 130 TPS TuanudssiieiinmsAnyinavesfSunauadn
4 J =2 %’, a A = g a1
uoulalas(Ma) naz nlesesnloa saudeiunouns@uiueaiinienud aoduiianiee
[ Aa A = JA s J = <2 9 == ~ o
nuNMsANILeaiineuane MAnazalesoan lea iisaaniosniisane oz Tuilgausa
=< A ' a a a 4 a 4 = A
gAmMI5z NN TURINDAUANANLOANUATINDT IUNAAANTAITY FITZUVUNHIZ A
A A Sa v 3 ¢ ¢ A 0 9.9 Y. 2
hgafoszuunimslin MA uazileseonlea iiesiniliounnveiluanasazns
1% Y ddﬂl = wAa a S Y d‘ddy A o
N32919a2v0 AT U IR ITUIAMAFInan T TduNavy uazielnslivilga
@ 1 1 1 A 9) 4 o %
80INTIUILHIN PLA 1az TPS Wunszuuiniinisly MA uazulesoonlad manszaiedd
Y| a wa I Y d‘ddy A =1 o
pazvavosaymauils mukina wagauiants lua aluwd Tlunavuienlseuiisunuy
2
v ' a 4 J a
Physical mixing HONINUGINDIINTIATIZHAY FTIR WUI52DU MA tRamsnsmluudie

v Y
TyveauileaFarinnzaawasemsdaaanuszinuna laavudie uagdainuin % crytallinity 92

v I
I A

gangailelIua TPS 50 %wt

Q
@ a A [

MAIFIINGINTUAZIINTTNITY UuAAINas unImeasaatng Umsdnu 2554

'
A v

A =2
DWWUDBDUNANH e

A .

A ~ N N s
a”llel@ﬂfFJﬂﬁ]'lifWI']_ﬁ'ﬂHTJTIEHLIWH‘H | 2 s



51402208 : MAJOR : POLYMER SCIENCE AND ENGINEERING

KEY WORD : THERMOPLASTIC STARCH, REACTIVE BLEND, POLYLACTIC ACID
JIRAWAT LEADPRATHOM : POLYLACTIC ACID / THERMOPLASTIC STARCH

REACTIVE BLEND. THESIS ADVISORS : Dr. SUPAKIJ SUTTIRUENGWONG, Ass.Prof.Dr.

POONSUB THREEPOPNATKUL. 121 pp.

Blending two thermodynamically immiscible biodegradable polymers is very challenging
and can extend their use and applications for replacing the products derived from
petroleum-based polymers. Excellent candidates for such system are poly(lactic acid) (PLA) and
thermoplastic starch (TPS) as both are at present commercially available and offer
cost-performance benefits[1] together with the case of pollution. Attempts to blending PLA with
TPS or other biodegradable polyesters with TPS have been extensively carried out by many
routes. They are mostly involved with reactive blending or chemical modifications [2-4] through
grafting reaction unto PLA or TPS and the copolymerization reaction to improve the interface
between PLA and TPS. The effects of the reactive agents and blending routes of PLA and
modified starch phase still need to be explored. Therefore, this work aimed to evaluate the effect
of the amount of maleic anhydride drive (MA), and peroxide, as well as the process of adding
reactive agent on morphology, mechanical, and thermal properties on the reactive blend of
PLA/acetylated TPS. An addition of a small quantity of MA and peroxide was sufficient to
improve the interfacial adhesion of PLA and acetylated TPS. The system is optimized with the
use of both MA and peroxide were reactive agents ,that procedures offered reduce particle size
and improved distribution of TPS phase, when investigated ratio between the PLA and TPS are
different, it was found that with the process used of MA and peroxide for the same ratio
demonstrated more uniform and dispersed TPS phase with smaller particle size when compared
to the physical mixing. And mechanical properties were improved. % Crystallinity was highest

for the ratio of 50/50 of all blends.

Department of Materials Science and Engineering Graduate School, Silpakorn University
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Global production capacity of bioplastics
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A13190 1.1 uaastsunamsasesnuilaiudilzviaal2]

Rank Area Quantity (tonnes) Flag Value (1000§) Flag Unit value ($/tonne)
1 Thailand 1743070 475326 273
2 Netherlands 11284 10676 946
3 China, Hong Kong SAR 23642 8657 366
4 Brazil 8352 5576 596
5 Indonesia 13197 4583 347
& Germany 2194 4565 2081
7 Paraguay 8347 3225 386
8 EU(2T)ex.int 1598 A 2573 A 1610
9 China 4431 2254 509

10 Singapaore 1073 1944 1814
11 United States of America 640 1257 1964
12 Denmark 144 436 3028
13 United Kingdom 189 413 2185
14 Japan 85 317 3337
15 France 170 173 1013
16 Ecuadar 2620 138 53
17 Austria 3 102 3188
17 Sweden o4 102 1389
19 Belgium 46 86 1870
20 Czech Republic 106 80 755
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(2002D) Wa® IaeNature Work
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wary 14 internal mixer
160°C, 15 min
A MAN 0,0.1,0.5, 1,2 11a

3 phr

a o
UANTIEN final torque
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M358 TPS

nauuilady glycerol 30 %wt

PLA

(2002D) Wan lagNature Work

91N 80 °C 24 hr.

warn 11 internal mixer135°C, 15 min

wnuae 11iAY reative agent

UM 60 °C 24 hr.

o=
3D

iz 1A reative agen|

=

A 4

A\ 4

a4 internal mixer

160 °C, 15 min

l

Ll

2 Yy g 1
VUsU T UUN VLA 25cm x25 cm.AY

Y11 0.5 mm.

A compression molding 160 °C

l

a 4
UNT1EH SEM, tensile testing 401& Molau tast
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(2002D) wan IagNature Work

21N 80 °C 24 hr.

UM 60 °C 24 hr.
wau 11 twin-screw extruder

i temperature profile 80-135 °C

1A reative agent

A\ 4 A 4

wau 13 twin-screw extruder

i temperature profile 100-160 °C

l

2 Yy g :
Vustaad UurvIEIa 25cm.x25 cm.AY

U

U1 0.5 mm.

fe compression molding 71160 °C

l

34A312H SEM, tesile testing , DSC 118 MFI
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1 = < a aaa o

NiudlsfSananiesansomalinser  nug
9 Y

retrogradation U®N thermoplastic starch uu%zﬁuaq umimﬂwuﬁz"laiﬂmmzmnwmm

~ v a . . G=)
i5olamsina re—crystallization ¥ 3®

4 Y Y o A a v a Jd o Y|
lanagosuaz Tuanavewih dviuse lelasnuiinaszning warad laaesnuTuanaveils
! y 3 o q ¥a o TR 2 X a P P
ApUUTTe N2 1HINA re—crystallization vouilelaenntu danarad laaeswane lug
' 9 Y dAa
Aoude lvinana
dy G o a Y a oa o v = an
uenMNiMaasounes luwaradnTudesfuamsamnsor 18 dsawitves
Y ) )
A.LF. Carvalho wagame [32] 18 19uilanaunuglycerol 1194 polyethylene 114 13wniiafu 1o 1%
% ] I { g’/ o @ 1 4 .
glycerol n3zAed Iaegadui nniudahasnaudinaritineauluniod Haake Rheomix
{1 o { <3 § a I
600 batch mixer NABMY roller rotors NMYUAIIANNITITOD 50 rpm NYUHAH150-160 °C 1Tu

A a Y | £ o 2 g £ Y ax @
31 6 UIN ﬂi]%llﬂ thermoplastic starch GHQHHJ'I‘UHETJL‘]JH‘HH\‘HH‘V]@]ﬁ’O‘LI@’JEJ'J‘ﬁﬂﬁﬂﬂE]@]

a A

H v
(compression) N1 160°C e euFUIM lnadeuae |1
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M IAUNUNUIY

3.1 Faquazasniinldluminaaes
o 4 a o a J
311 Acetylated starch A5 UAMWBYIATIZHIN UFHN o woarea

AA13Y 3117 0.8 %deacetyation ANUAU11.5-14.5%

T!

18285
1 ] || 1
L] 3N DiWik@ 150} 1OHMN 0l

Wavenumber [ cm?

(a)
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(b)

930 /| 520
S 710 578
2392
Carbonyl Stretch 1373
3413
1017
2000 3500 3000 2500 2000 1500 1000 500

wavenumber{cm™)

(¢)

starch form &1 WoAYEA aa13 ¥ $10A
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NN 3. 1 FTIR Y84 starch GI'NG](a)Native starch[33] (b) Acetylated starch[33] (c) Acetylated



3.12 n31%0350@ (Glycerol)  ANWUIANT 99%

Laborchemikalian, Lot.70160, Germany

OH

Ho\)\/OH

A Y = =
NINN 3.2 IﬂiﬂﬁiN‘ﬂN!ﬂiﬂlﬁNﬂiLGBE]SE]Q
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NUTHN Sigma-Aldrich

3.1.3 lesoonlud Perkadox 91NUTHN Akzo Nobel bis (t-butyl-2 peroxyisopropyl)

=~ Yy 9 A R Aa A A 0
1,3 benzene UANULUNUU 40 % NATIBIN 2.5 UIN N 180 C

CH3—

NN 3. 3

3.1.4 Ma

TH3 TH3 CHsj

C—0——0——C——CH,

| | CH,—C——0——0——

CHs CHs

Tasea319manilved bis (t-butyl-2 peroxyisopropyl) 1,3 benzene

leic anhydride (MA) Wan 1ag158M Fluka
Assay 2 98% (NT)

Mw. = 98.06
m, = 52-54°C

00—~ __0

NN 3. 4 TA598519N19ATU89 Maleic anhydride
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3.1.5  Polylactic acid (PLA) PLA n14lunisnaasuilu PLA (2002D) wanlae

I a o Jq 9o [ v A
Nature Work Wukannmum 615]5’§T’]W§1Jﬂ']5@ﬂ5@]

CHs

HO
O

.O

O

CHs

| OH
o

O

CHj |

n

AN 3.5 Tnseasamaniivea Polylactic acid
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d' A H ) a a v
3.2 inseaNanlFlumsautiuanuIoy

A o J

a I A A Y a o a o @
3.2.1 !ﬂﬁ@\‘lWﬁlll!,‘]_l‘ﬂﬂﬂ!‘l]ulﬂﬁ@QWﬁNﬂﬂ@ﬂLLUULLﬁ$1WU§‘HW RIYNAU 31NA

I Y Y A Ao dy A = A aa t4 I A dy
WUATST1ND UV INTDINTNNATIING 105 HAAAAT Qﬂﬂﬁﬂ!ﬂﬁﬂ!ﬂﬂ“ﬁ”ﬂgﬂ!ﬂﬂ? (cam

U

o Y o =~ <3 LI Y] o 1 @
type) 2 @uwyuL"Ummuiﬂaummw’ﬂumiﬁuu”lummu (@319 1: 1.2 )ﬁnﬂ‘iﬂ‘ﬂﬁ‘ﬂ

a

< Y Y 1 a o
AMUIEINTHU 0 - 100 TOV/UT gunginrunuuazliulddunguvglinesd 250 °C uay

QU QU

Usuldazidenana 1 °C

NN 3. 6 1A30HaULDVYA (MX 105-D40L50, Chareon TUT)

3.2.2 Lﬂ%flﬂ twin-screw extruder é“u SHIJ-25 szmadu

3.2.3 1A504 compression molding INUIEN Labtech Engineering
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= 4 . oA 2 £ . .
NINN 3. 7 1D compression molding %iﬁuﬂwimugﬂ%quumﬂaau (Labtech Engineering)

3.2.4 1A5094NATDY Fourier Transform Infrared Spectrophotometer (FTIR) 1

UTHN Bruker Optic § U Vertex70

NN 3. 8 1AS04 Fourier Transform Infrared Spectrophotometer (Bruker Vertex70, Bruker)
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3.2.5 Lﬂ%qmﬁauanﬁa@qmm%’au Differential Scanning Calorimeter (DSC)

9IN13¥N METTLER TOLEDO §U DSC1

NN 3. 9 1AT04 Differential Scanning Calorimeter (DSC1, Mettler Toledo)

3.2.6 1A304NATDUFBFIUINGY Scanning Electron Microscope (SEM) 91013 HN

Cam Scan giu MX 2000

WA 3 10 19309 Scanning Electron Microscope (MX-2000, CamScan)
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3.2.7 IAT0NNATOUANLAITING Universal testing machine 910U3HN Hounsfield

Uszimaingy

WA 3. 11 17399 Universal testing machine (H50KS, Hounsfield,UK)

3.3 3§m§ﬂ°1!ﬁum‘mﬂam
N { = ' < Y 1 A =

Gl’LN'l‘L!'Jﬁ]ﬂu%gﬂ']iﬁﬂﬂ'mmlﬂﬂﬂﬂﬂ!ﬂu 30U Ulﬂllﬂ ADUN 1 ﬁﬂHWWﬁﬂl@\‘]ﬂQiNWm
= = J J 4 2 . . a a
JUDANNIBDIIUANDATNDIN (torque) Glutﬂi@ﬂﬂﬁilllﬂﬂﬂﬂ (internal mixer) YDINDAUANANLD
a o a A (= =3 = o A o =
ﬁﬂllﬁglﬂﬁ)‘iIMWﬁWﬁﬁﬂ!W@WT]JfﬁﬂﬂﬁLlﬂﬂﬂWL@!ﬁ]uﬁﬂ!‘ﬂM'l%’ﬁll ADUN 2 NINTANHINAUD
9
"Uu@]fluﬂ'l‘iW’!;Tll@l@’s’fiJ'UGI"U'E’)\‘]WEJaHJﬂ‘glﬂﬁuﬁ}i$1’i'N\T‘W'E')ﬁl,lﬁﬂ@]ﬂllf]ﬁﬂﬂﬂ!ﬂﬂgillwa'lﬁﬁﬂ

4 A a A o = v ~ = J '

ﬁ@Wﬁ%WﬁNiulﬂﬁ@ﬁWﬁNlLUUﬂﬂ LAZADUN 3ININITANHITUUS VDITUDANWIUAUATEHINNNO
a a a 4 a 4 o . { o v
AUAAANLD TN LD maﬂuwmﬁﬁﬂﬁmw Iﬂﬁl‘ﬂ']ﬂ']iﬂﬁil?’ghﬁl twin-screw extruder‘ﬁ’e‘)@]ﬂﬁ’m

#1410:90,30:70,50:50,70:30 1@z 90:10 daa 11 lagtiniin
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d
3.3.1 Anvnaves3mnaisuenneaun
33.1.1 wawudlinundesoanysuim 30%wtluganaraanlaldidinn
' X 4 0, S| a a a A o <
wazev'lannuAun 80 Hunal 24 ¥u. uazeuweauanAnLRANT 60 °C 1Wual 24 wu.
1 = o
HUREINY
o Y a a a A 1 dy Y Aa
33.1.2 twilawazneduandnueaniiiumsey lannuyuuduansuen
A S a o = a 9 A A
AenuduaazriaadlTasrzmmsdnyimaveafSua MA Tagazld MA NS
a EY a a a ) = 4 4
0,0.1,0.5 wazl phridvasluuils vazweduandnuedn uazsnmsaneiwavealesoon laa
1 9 1 4 4 4
TaeldndSauna 0,0.1,0.5,1.2 naz3 a1 luuila uiinm nesnactorque)iionanilasulyl Tag
Aa o @ o o a a a <
Idgungiin 135 °c nuudls uaz 160 °C AuneALAAANLEAN ANITITOV 80 rpm 1H11a1NS
=
Ha 15 WA
o = a a = Jd v a
3.3.2 MmsAn¥INaveImsfueanRUAInazyia
=) 4 a 4
3.3.2.1 63803 JunNaaananlsy
neuuihinundieseanisum 30%wiluganaraanlalidnuuas
1 A 4 0 S a a a A o <
au'laanuauin so el 24 W wazeuweaLandnuedni 60 °C umai 24 awu.

[] = (% o = 9 a [ d' d‘ a d‘ a
FUREINU TABZNINISIAT oL @ T IAAIR 17197 3.1 “l,umimwﬁmmuﬂﬂmmwgu

135 °C ANM32501 80 rpm IFAIMINE 15 wIf



A s A a ~ o a s
ATNNN 3. 1 LLET@NE]Qﬂﬂi%ﬂ@ﬂﬂlﬂ\?’ﬁ1iﬂm1|cluﬂﬁmiEJ?JWIEJ?JI?JWﬁWﬁGm’ﬁGHTH

Sample name Glycerol(%) Reactive agent
TPS 30 -
maTPS 30 MA*
perTPS 30 Peroxide*

~ | I a a ~ A
*ﬂ?umuuaﬂ1/1wLamuwmmzwmimwmmﬁmmwmmzfmmﬂmu‘n 3.3.1

3322 165 0NUDINANT SHIINOTUAAANLD ANLAZINGS lunadandass
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o a a a @ 4 a 4 1 @
HTWﬂallﬂﬂﬂﬂll'ﬁ)ﬁﬂﬂ'lwﬁﬂﬂﬂl‘l’]@iIﬁJWﬁWﬁﬁﬂﬁ@]'l‘i%@]'mﬁ')u’ﬂi%ﬂflﬂﬂﬁ

= A A A a - < v a
MITNN 3.2 Glumimwammuﬂwqmw@‘u 160 C A210L335901 80 rpm lyamswgy 15 wn
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{ 4 1 a a a J a
A15199 3. 2 HEAIDIAYTLNOVVDIVDINANTEHINNDALANANLDANUAZINGS LUNaIdAnN

@
[3(2MPR ]

Thermoplastic starch

Blend with PLA
type
Sample name
MA Peroxide
30%wt
(phr) (phr)

TPS-MP TPS * *
MTPS-P maTPS - *
MTPS maTPS = -
TPS-M TPS * -
PTPS-P perTPS 3 *
PTPS perTPS - -
TPS-P TPS - *
Phy TPS - -

~ ~ I A a A A
#1FUUTHOAN WD UATIANIENITUNUT I UNHVIZTUINADUN 3.3.1

3.3.2.3 1958UA20814

]
o w ] =

Y v
whdred i IdvinmswanTUyugide compression  molding 0

Y
gaungi160 "CTRFUUTVLIA 25cm x25 cm.AWHLT 0.5 mm,

3.3.2.4 NAFOUANLAA1)VOIETHAL
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33241 WmsAnudugiuine Tasthduauildannmseaylu

=

4 a 2 I 1 [ @
wsoanaunuua vagnvuglidluedy Tuslululasmumvadidlduandredeu vasen
gJJ o 2 a [ I A [ Y o v W 1 ~
Huhruauysnasesuan lusly HCl 1N Wunar 3 sumsanauileon dmsudiedian

=Y 9 9 1 %’ [ 1 % 1 4 Y 1 90} v 1
Nlsuanilaesni170 % Tasimin aiuluaiedraniuilaninnii 50% lagmin wylu

4 [ ~ o A o a a a g’u o A Y Y

Aao 5oy 3 . FuReIN Y e anANBALAAANLBANBDN INUUIINTIAADVAIGNDIAD
° 4 Ja v . .
i hAnudaon3099aNn T IMIDIANATOUIUVEDINTIA (Scanning Electron Microscope, SEM)
YBIUTHN Cam Scan J1 MX 2000

o =2 wa a o 2 449! I ]
3.3.24.2 MMIANHIFUUANIUBING Tﬂﬂuwmmmugﬂgﬂuuwu

v 9 . 2 < A
1AARI die cutlasviiaruaudlulaiy ASTM D638 type IV usaii l¥lumsnaaey 5 kN

@ < 4
#88A3139 5 mm/min AIYIATOI Universal testing machine

{ 2 {o 9 .
NN 3.12 FUU dumbell NAAAIY Die cut A1 ASTM D638
3.3.2.4.3 MMsANIAVIANTALAY (modau test) 1A8AITIN
2 A 2 I~ 1 v el L e Y o ) '
Fuamdumsvughuen daduduanuing lom. X 1 em. 1141in 0.5 n5u gl

¢ . '
Aao 15Wo5u511As 50 cm’ 24 wu ezl smeunnuyuveITITazateh Ia

o A 4 a a a d
333 MnsANEaNla YedsueaNNIUauAszHIIaNaaANANIBEN 1Az INB5IN
d o Y %
WANGANANIZY MNIHANAI twin-screw extruderidNIIAIUA)
~ 4 a 4
3331 638umnes lunaaanaase
HEP g ] a
nauuilsnundesoandSuim 30%wt Tasriinluganaraanlald
Y o 1 X A o <3| a a a A 0 <
nunazey lannuaui 80 °C1iluna 24 wu. uazeuwoananAnuaANT 60 °C 1lual 24
1 =y (% [ ~ Y a [ ~ . ~
. suAeInY Tagazsinmsmsenuilaauriaaanisnan 3.1 Tuwin-screw  extruder 9
ad = o o < o v @ &
guHNiAAfeed zone 9 2 die 80-135 °C ANWITITOV 100 rpm tazii lamiludia

1 a a a J a J
3332 LG]%EJSJﬂJ@QN’fm5g'ﬂ’JN‘WE]aLLaﬂ@ﬂlLﬂﬁﬂLLaZLﬂﬂiTﬂWﬁTd@ﬂﬁ@niﬂf
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o a a a Y 4 a J 1
HneauanAneANNINGNNUINBS IunaganaasvavaIndseney

[ { 1 o ' g’u @ { @ 1 a a a o
ﬂ\‘iﬁﬁNﬁ 33 Tﬂﬂgmamaa&nmuﬂzﬂimﬂ%auamm:}ummwaauaﬂ@mmﬁmmzmaﬂn

a

waaAnaMIwAel 10:90,30:70,50:50,70:30 az 90:10 1u twin-screw extruder NQavgil

U

g = o o g ° o g <
ARIfeed zone DN 113 die 100 160 C ANULIITOU 100 rpm uazuﬂﬂ@mﬂmm

{ o 1 2}.1 a J
GﬂiNﬁ 3.3 ummﬂmuuazﬂlumumimf‘maﬂﬁwmmuﬁ

MS PLA/acetylated TPS
Material
Glycerol MA Peroxide MA Peroxide

(%) (phr) (phr) (phr) (phr)
Phy 30 - - - -
TPS-MP 30 e - * *
MTPS-P 30 4 - - *
PTPS-P 30 - * - *

~ ~ I A a A A
#1/FUNUTUOANNDRUATEANIE NI TRIINYT UMK VIZTNINADUN 3.3.1

3.3.3.3 930UA081
H 4 1
dreg1an IanmswanlUugaae compression  molding
Y
gutii160 ‘ClAFUNUTYUIA 25cm.x25 cm.ATWWU 0.5 mm,
33.3.4 NAADUANLAAINVOIA1THEY
o = [ a o A d' 9
33341 shimsanuduguine Tashsuaunldnnmsnauly
] < ' '
twin-screw  extruder tagNyugthiuunu Tduslululaswumaindrdlduandredon

o ¥y o 2 a 1 I 4 @ ) o
wm%muumﬂ)’mmmnmi@mmﬁlﬂwﬂu HCI 1 N Wuan 3 Gﬁﬂlﬁ@ﬁﬂﬂll‘ﬂﬂﬂﬂﬂﬁ']ﬁiﬂ
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1 H (2 1 SQI (Y] 1 (%] 1 H 1
dognnidsuauilalesniizo % Tasiimiin druludreeraniuilannnii 50% Iae

9
o

Y] ' 4 1 = o A o a a a o A
HTWUﬂLL%iuﬂa@I§'V\I@§N 3 YULBUIRAIINU !W@aﬂﬂW@allﬁﬂ@ﬂl!@ﬁﬂﬂﬂﬂ!ia%u’lqﬂlﬂaﬂﬂ
¥ Y o = ¥ A ’a & . .
ﬂ')ﬂ‘ﬂ’E]\HL@'JU'IUlﬂﬁﬂH'l@'JEILﬂﬁ'@\Ti].a‘ﬂi5ﬁu@!aﬂ@]5@uuﬂﬂﬁﬂﬁﬂ§1ﬂ (Scannlng Electron
Microscope, SEM)ﬂJ’EN‘]J?iﬁVI Cam Scan ju MX 2000

o = A a o ay d'dg! I 1
3.3.3.4.2  MMIANEITUUSNIUBING Tﬂﬂuwmmmlugﬂgﬂmmu

v 9 . 2 I 9 [ < A
UINANIY die CutIﬂﬂﬂlHWﬂ%’u\?TL!LﬂuhlﬂCﬂWN ASTM D638 A89071131 Lliﬂﬂcl%}cluﬂ'ﬁﬂﬂﬁﬂﬂ
o < 4
5 kKN #188031159 5 mm/min @28IA3 09 Universal testing machine
o a 4 [ L4 % 1 o @ 1 o

3.3.343 ‘V]']ﬂ?ﬁwt;ff‘l]u!@ﬂﬁﬂ]&lﬂiﬂlﬂ\iﬁ?ﬂﬂ?ﬁ Iﬂﬂu?@]?@ﬂ’lﬁﬂ’]ﬂ’lﬂ’]i

o 1 J o ~ A o a Jd Y .
analagmsuya 11 luaas Tsvlesy 24 sy uaziine nouiimasusin133AI12¥ A28 Fourier

. EAYA .
Transform Infrared Spectrophotometer (FTIR) 17‘1151’5’114mi*wqfuuqua%’wmNmﬁﬁgﬂaauuﬂm
o & d v ] a 4 -

h]f]Jﬂ'lﬂﬂ'liﬁ\nﬂi'lg‘ﬂ'Jﬁﬁ]LlIIG]fW’ﬂiiﬁinﬂl,l,ﬂﬁﬂiﬂﬂﬂfﬁqmﬂﬂﬂ1§3!ﬂ§1$ﬂﬁﬂ 4000-400 cm : Y

= < =1 o a 4
azi9ea luMsNUToya (Resolution) 4 cm TIUIUTOUVDINTAUNU 16 TOU LAINATIZH 1Y
% d' a ds!
WIaNFUNNAYU
33344  MINaauaNaANINn N ua181AI 9 Differential
. . d' = d' 9 .. a
scanning calorimeter(DSC) efny g uLlaimienusou (thermal transition) UDINOQ
4 ' a = 0 Y Y o A
IUDIHNEUY Gluslf'NQﬂ!WQM 25 C 23200 C ﬂWﬂi@UﬁﬁﬂWﬂWﬁquiﬁﬁlﬁ]u maammmﬂaﬂuuﬂm

Aa o ' S = [ I = 5l Y Y
UNYN 5 C AU INBUATINY  LABUNIT IVANNITDULLY heat-cool-heat
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a J
NANIINAABILAZIVNIUNANTIINAAD

3

a v A

I = a A = J A [ Y 1 A
QU uMsAnYY  WavesmsaNseaNeUalsuIaantisgneaula

a Qs

NFYTININGT aulianuBina auianeanuieu uazauianealelad  vedsueaiin
4 1 a a a o a J a Aa
WAUATLHINNOAUAAANUDAN LAY DS IuNaIaanaa15y uazlSeumeuaninavedsten
9 Y
ANODUAADNTZLIUMTUAUALVUTUADUIAGIAZADIVUAD U
o 1 a a a o a d A Y o 9
NMIIUAUATLHININOALAAANUDANUAZINDS IuNadAnTA BUA NN U 1A
Yy KR Y A A A a s = ' 3 Y 1 ~
Yoedadealinsmisueaimenud laglumsanyiazuiiesnilu 3 aeu laun asui 1
= ~ = [ . . . ' 1 4
ANYINAVDIUT VT LD AN WO UALIFU maleic anhydride (MA) U8 peroxide MDAINDIA
4 a) a a a 4 a
(torque) TuinToaMau UL (internal mixer) VoaNBALANANLOAN(PLA)AZINGS LUNAEAN
4 A = = St ~ o = a A
AA5U(TPS) o1 V12T HOANWBIAUATIH VL EY ADUN 2 MIMTANYINAVDINITIANTLBA
inenuduaazyia uazszuuis 19 uenimenudsuiuasauiansduguine aunfa
(V22 a a 4 o 1 a a a 1Y
19500 188 (theology) 1A ANTAMIUFINAVDINOANOTIVAUATEHINNOALAAANUDTNAY
4 a 4 4 a { ) A [
mos luwarganamsvnaulwasewwaunuuuila uazaoun 3vinsanuauianiedygiu
Inen aufamaFana auianennudon tazanianiiien las vodIueANNIUAUATEHIN
a a a o a 4 o
WoAUANANLDAN LAz MBS TuWaIaAN AT Y MINTHAUAY twin-screw extruder Iagtaon 14

= = s a A = o’ A
YT vadSHoANWIBI HANHINZTNLAZ TS UUMSIANTLOANNIDR UATIMNIZFNINADUN 1

1 ™ 1 a a a J 4 a 14
HazAoUN 2 NOATIAIUVBINOALAAANLDTNABINDS JUNAITANTATY 10-90%
4.1 Anvwaveadsunaisueaiin lwaseswanuunila (internal mixer)

[l Y v
FalunsnaaeatiagimsAn1L5u181v04 reactive gent NAIHAA® TPS 1A PLA

A A4 = . = Y .
WONIZANH ML UIUUD reactive agent Mvmzaulunms 1d reactive agent
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= = d 1 1 d A ) .

4.1.1 wavesSinaSueniineaunneninesa lunaseanwannuuia (internal
mixer)

Aa o dy ) A A I =1

Tuarudtetimmswaulwasosnauuvuida 1uiar 15 winlagee
=Y i A a a a 4
WieuneudSui maleic  anhydride  (MA) auad 1) luneduananedn uazmes Ty
a o d‘ 4 c’d' a a a

WAAANEA1IY 1 0,0.1 0.5 1az 1.0 phr tazlsuna ileseen lsanduas 1 luneduandnue

an uazmes Tunaradnaasain 0,0.1,0.5,1,2 1ag3 phr

(a)
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(b)

{ o v J v @ { 4 a o
AIND 4.1 UFaANUANNUTICHINAMN Torqueﬂ'UL’Ja'lﬁW’s’fll"’llﬂximi’)iIll‘WE]”Iﬁ@]ﬂﬁ@ﬂiﬂf(a)

a a a A A d%l
LAasNoalananiaan (b)LiJE]‘IEle MA INJUU

1INNINA 4.1a HAWINNIAININEY 900 IMANDI NS MV MA TiAuasly
4 a 4 A zg 1 S A =3 A S a0 < Y A a
Tumoes TuwardgandaSWNVAY AMNBTATNLNUBNDIAN MUY HatT Uz linaaantiosiio@
{ 4 [ 4 a 14 1 [} a 1
Maad I lusuadest 0.1 phrilenlieufounumes lunaradnaasyi lu Ay MA ua
d' a dl =Y 1 4 [] = 4' =1 [ 14
WomudSuna MA 7511w 0.5 phr AMMOINIZaAA0E19NNDN 50% WefSsueunumos
a s A (= A~ A 1 P ]
Tumadnamsshn 1l MAtaghi MA 0.1 phr taghtSuna MA 1.0 phramesauusziinnilu
P ' @ @ ] 1 3
guaas i lduaaslunsmuazdnvazvesdredian Idvinmsneaulu internal mixer lvaiiu
A A o ' I Y ] & a o
YounaIntaNuniadun WeziluwamnnTuanavewilslivinaanas Fe1vnanisda
] Y 1 [ a aan a & Y [ a o
a1 1s Tuanaveauileves MA sanumsmalgnse lalas lagadeaeandosnuauiteves
Raquez J.M. [10] ANUIIN5IAN MANAADNTIAA graft reaction AININA 4.2ud0193NadD
msaaae Tar1u {0561 hydrolysis[10]A90 1M1 4.3 B9z dIWaAOANNNIAYDY TPS AN
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1 Y v
M1 4. 1 HAAIdATIUIAZTUADUNTANT HDAN WD UANOATIAIUT0:30(PLA “TPS)U

9 9
VUABUIAYY AT ADITUADY

YUABUMISIAIEN TPS VUADUMIILAUANY PLA
Sample Peroxide
Glycerol MA Peroxide MA
name (phr)
(%) (phr) (phr) (phr)
TPS-MP 30 - - 0.1 0.1
MTPS-P 30 0.1 - - 0.1
MTPS 30 0.1 - - -
TPS-M 30 - - 0.1 -
PTPS-P 30 - 0.1 - 0.1
PTPS 30 - 0.1 -
TPS-P 30 - - - 0.1
Phy 30 - - - -
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A19199 4. 4 MNDE SEM 109310ATNNILAUATZH I PLA A1 TPS (8931821 70:30) 11

A a 2 @ 1 da! Y . . A b . =
msmwamm‘uﬂmmwmmmamwugﬂmﬂ compression molding 11019 reactive agent I(W8N

i 9 ]
wﬁq%uﬂuaxmnﬁlumumuﬁuﬂﬂmmu (MAIV1y 100 (N1 100 pm)

Reactive Stepl Step2
agent (add in Prepared TPS step) (add in blending step)
non
Phy
peroxide
PTPS TPS-P
MA

MTPS TPS-M
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H 1 4 1 @ [ [
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A = 2 (Y 1 dg! Y . . A 9y . g’/
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TPS-MP - MA-+peroxide
100 pm
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1 9
MINN 4. 8 LAAITAAIULAZTUAD UM TIANTLOANNIDIAUATEHI WO ALAAANILDANILAY

a d‘ U 1 90’ b
mos lunaafaas snons1aiu (PLA-TPS) 10:90 84 90:10 %wt Tagiiniin 1 twin-scruew

extruder
MS PLA/acetylated TPS
material
Glycerol MA Peroxide MA Peroxide
(%) (phr) (phr) (phr) (phr)
Phy 30 % S - -
TPS-MP 30 S : 0.1 0.1
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31N 4. 9 guianeanudeuTueANNUANATTHI NN ALAAANID ANUAZINDS lunada

; . ¥,
AN FNONI1AIU (PLATPS) 10:90 84 90:10 %wt Iaei1niin 14 twin-scruew extruder

(1 STheat)

sample %crytallinity

PLA 29.41

PHY 1090, () 10 ) 5782

Py 3070 vy 5321

PHY 50/50 43.53

45.01

42.74

MTPS-P 10/90 27.56

MTPS-P 30/70 35.33

MTPS-P 50/50 42.65

MTPS-P 70/30 42.11

MTPS-P 90/10 43.79

TPS-MP 10/90 37.18
TPS-MP 30/70 29.52
TPS-MP 50/50 45.85
TPS-MP 70/30 42.28
TPS-MP 90/10 41.45
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90:10

70:30

50:50
AN V.10 NMWD1Y SEM Extrudate Y04 919819 PHY NF1UMIananilaoonaie HCI 1 N 3 hr

9351871 PLA:TPS 71499
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10:90

WA 9,11 NN SEM Extrudate Y04 429879 PHYNH1UNTANA PLA 990@28 choloform 3

hr 16A51831 PLA:TPS @149
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90:10

70:30

50:50

INA V.12 MWD1Y SEM Extrudate Y94 #29819 PTPS-P Neumsanauilioondie HClI 1 N 3

hr 1951891 PLA:TPS §1149)



30:70

10:90

AINA V.13 MWOY SEM Extrudate Y99 729813 PTPS-P NEUMT 1A PLA 90nA1¢

choloform 3 hr NOAI1EIU PLA:TPS @14
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90:10

70:30

50:50

AINA V.14 AND1Y SEM Extrudate Y99 #29819 MTPS-P Neumsanauileoondie HCI 1 N 3

hr 1951991 PLA:TPS @149



30:70

10:90

WA 9,15 NIND18 SEM Extrudate Y99 #29819 MTPS-P NH1UMTANA PLA 99NA20

choloform 3 hr 16A31871 PLA:TPS A149)
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50:50

AN 9,16 NND1Y SEM Extrudate 199 §129819 TPS-MP Neumsanauilioondie HCI 1 N 3

hr 10A31621 PLA:TPS @149
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WA 9,17 MND18 SEM Extrudate Y04 929819 TPS-MP NH1UMIANA PLA 99NA20
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E.Modulus Max Stress Elong at Break
sample name NP3 SD. NP3 SD. m SD.
Phy 814 88.5 24.6 1.55 4.430 0.61
MTPS 1030 129.0 23.9 2.4 3.003 0.33
PTPS 1030 4.6 18.5 2.66 2.103 0.30
TP5-M 765 54.0 17.2 2.71 2.501 0.34
TPS-P 908 19.2 20.8 3.74 3.086 0.62
MTPS-P 994 25.4 26.8 2.25 3.927 (.55
PTP5-P 824 28.0 18.6 3.21 2.101 0.26
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A1319% 7.2 FUUAFINAVDI PHY NoA5183110-90%wt NWau 11 twin-scruew extruder

A1319% 7.3 FUUAFINAVDI PTPS-P NOATI18IU10-90%wt NEa 1 U twin-scruew extruder
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13197 7.4 FUVAFINAVDI MTPS-P NOAT 18U 10-90%wt NEad 1 twin-scruew extruder

Q137199 2.5 FUUAFINAVUDI TPS-MP NOATIAIU10-90%wt Nead 1 twin-scruew extruder
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{ A J ' a a a J a
A1519% 9. 6 ﬁﬂJ‘]Jﬂ“I/]'Nﬂ'Nll%lf)u%LLﬂﬂﬁWLUﬁu@igﬁ'JNWﬂmmﬂ@]ﬂu@ﬁﬂlla%Lﬂ@ﬁTMWﬁTﬁﬂ

A3 FNOATIAIU (PLA-TPS) 10:90 59 90:10 %wt Iae1i1miin 1 twin-scruew extruder

. Te Tm AH

C) | CC) | Twm Twz | AHn | AHc
(°C) (°C) | (/9) | (I9)
PLA 55.48 | 105.2 | 146.79 | 154.6 | 27.53 | 30.55 29.41

PHY 10/90 |56.16 | 88.1 | 133.93 | 143.85 | 3.54 | 3.08 37.82

PHY 30/70 | 59.41 | 86.86 | 133.51 | 144.15 | 14.94 | 4.06 53.21

PHY 50/50 |53.95|89.95| 136 |146.35]|20.37 | 9.13 43.53

PHY 70/30 545 | 91.95| 137.2 | 146.97 | 29.49 | 3.58 45.01

PHY 90/10 | 54.57 | 98.29 | 139.54 | 149.98 | 36 | 23.18 42.74
MTPS-P 10/90 - - 136.13 | 145.37 | 2.58 | 1.46 27.56
MTPS-P 30/70 | 56.25 | 90.87 | 134.95 | 144.11 | 9.92 | 3.06 35.33
MTPS-P 50/50 | 58.9 | 95.03 | 138.88 | 148.57 | 19.96 | 0.00 42.65
MTPS-P 70/30 | 59.33 | 95.79 | 139 | 148.16 | 27.59 | 8.24 42.11
MTPS-P 90/10 | 54.59 | 95.46 | 139.6 | 149.63 | 36.89 | 16.02 43.79
PTPS-P 10/90 - - 135.65 - 1.35 | 0.00 14.42
PTPS-P 30/70 | 55.75 | 90.03 | 134.54 | 14554 | 9.76 | 2.06 34.76
PTPS-P 50/50 57 9212 | 1379 [147.19 | 20.32 | 0.00 43.42
PTPS-P 70/30 | 57.32 | 94.85| 136.7 | 146.76 | 8.14 | 3.00 12.42
PTPS-P 90/10 | 55.57 | 92.46 | 139.6 | 149.57 | 31.49 | 26.72 37.38
TPS-MP 10/90 | 57.32 | 90.25 - 144,66 | 3.48 | 0.00 37.18
TPS-MP 30/70 | 55 | 84.94| 132.2 | 142.48 | 8.29 | 4.28 29.52
TPS-MP 50/50 | 58.32 { 92.78 | 137.36 | 147.16 | 21.46 | 1.63 45.85
TPS-MP 70/30 | 55.16 | 94.77 | 138.2 | 146.54 | 27.70 | 10.50 42.28
TPS-MP 90/10 | 54.79 | 92.71 | 139.3 | 150.56 | 34.92 | 22.17 41.45

sample %Crytallinity
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Compatibilized Polylactic Acid/Thermoplastic Starch by Reactive Blend

Jirawat LEADPRATHOM, Supakij SUTTIRUENGWONG"",
Poonsub THREEPOPNATKUL™and Manus SEADAN®

! Department of Materials Science and Engineering, Faculty of Engineering and Industrial
Technology, Silpakorn University, Sanamchandra Palace Campus,
Nakeorn Pathom, 73000, Thailand
< National Center of Excellence for Petroleum, Petrochemicals, and Advanced Materials,
Chulalongkorn University, Bangkok, 10330, Thailand
* Department of Physics, Faculty of Science, Silpakorn University, Sanamchandra Palace Campus,
Nakorn Pathom, 73000, Thailand

Abstract

The aim of this work was to study reactive blending of polylactic acid (PLA) and thermoplastic
starch (TPS). Two types of TPS, one with reactive agents and one without, were prepared by mixing 30wt%
of starch with glycerol m twin screw extruder. The as-prepared TPS was blended with PLA together with
reactive agents m twin serew extruder. The blend ratios of PLA:TPS were 70:30 and 50:50. The samples
were characterized by tensile testing, scanning eleetron mieroscope (SEM) and differential scanning
caloruneter (DSC). For all blends ratios, the lensile strengths of PLA/TPS reaclive blends were Ingher than
the physical blend of PLA/TPS. When compared the same ratios of the blend (50:50), the system consisting
of PLA, TPS prepared without reactive agents, maleic anhydride and peroxide exhibited the highest %astraim.
The differential thermal analysis indicated that the erystallization temperature of the reactive blend of
PLA/TPS shifted to a lower temperature compared to the physical blend of PLA/TPS. This suggested that
the compatibility between TPS and PLA was improved for the reactive blend system. Most of PLA/TPS
reactive blends showed the betler water resistance compared to the physical blend of PLA/TPS.

Key words: Reactive blend, Polylactic acid, Thermoplastie starch

blends inchided poly(3-caprolactone) (PCL)"Y, poly
(ethylene-co-vinyl alcohol) (EVOH)™, polyolefins,
and starcl”! Among those blends, the compatibility
beeomes a key factor. The adhesion between two
polymer matrices can be unproved m many ways
such as using compatibilizers. grafting reaction and
reactive blending.

Introduction

In the last two decades, concerning over
the environmental issues and depleting oils have
grown. From polymer seience points of view, the
malerials denived [tomn renewable resources and
biodegradable are favored to address the above
problems. Moreover, finding new raw material

sources, new polymers and the adjustment of
material properties are major challenges for
material scientists and engimeers. Althongh using
biodegradable polymers have many advaniages,
sowe properties need to be adjusted for broadening
their applications.

Many studies have been carried out for
modifymg the properties of biodegradable polymers
such as polylactic acid (PLA). The blending of
with various polymers with PLA is one of the most
popular choiees in order to improve its properties,
at the same tune bring down the product cost. The

In case of the system comprising polylactic
acid (PLA) and thermoplastic starch (TPS), the
mlerfacial adhesion may be muproved through the
grafting of maleic anhydride onto PLA. However, the
adding of MA could have an adverse effect due to the
chain scission.”” Therefore m this work, the effect
of the addition of the small amount of MA. with
and without peroxide, on the properties PLA/TPS
blend systemns was mveshgated. The blending
ratios PLA:TPS of 70:30, and 50:50 were selected.
The mechameal properties, morphology  and
thermal properties of PLA/TPS reactive blends
were studied.

*Corresponding author Tel: +66 3421 9363; Fax: +66 3421 9363; E-mal: supakyj@su.ac.th
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micrograph showed the holes on the surface due to
the leaching of the starch particles. This resulted
from the poor interfacial adhesion between PLA
and TPS phase. The surface morphology of
TPSM2 presented smooth surface, thus good water
resistance with good nterfacial mteraction between
two polymeric phases. From Figure 6(c), the crack
together with the hole on the surface of MTPS
sample indicated the poor water resistance and
poor interfacial adhesion between two polymers.

Figure 6. SEM surface of sample was immersed in the
water for three wonths (50:50); TPSM2
(a) PTPS (b) and MTPS (c).

Conclusions

The reactive phase adhesion between PLA
and TPS was improved by adding reactive agents.
The addition of reaetive agents into the PLA and
TPS showed improvement in the mechanical
properties and phase adhesion. TPSM2 represented
most improved phase adhesion.
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